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The emergence of challenge on the road to contemporary
dentistry and medicine is nothing new. It stems from the
uncertainty which is expected of scientists of both professions
who should be conscious of the fact that science, like human
life, is an operation that moves forward. Like life, it ccnffonts
new menaces, and meets new problems as it fights its way towards
- maturity and recognition. The dentists and the ph&siciana, men
of science as they are, must stand ready to overcome thésemenacesg
They must not....they cannot, shelve or shirk from ﬁhe repertory
of problems at hand.

One of the challenges that pose a problem, is disease therapy.
Clinical and laboratory researchers are pooling their resources
to accept this challenge of the times: They areée indeed waging a
gigantic war towards more naturalistic experimental criteqioﬁgn the
treatment of diseages« They pry open and probe into the enigmas
of genetics and the secrets of ecology. In the process, they
decipher. nature as well as the human orgenisme. They want to bhe able
to anticipate the biological destiny of man and to make therapeutics
a subtle diagnostic key with which to unlock the last door towards
the maintenance ofhealth, prevention of disease and preservation of
life itself,

This thesis deals*with:the\antibiotic therapy« Recent years

have seen the introduction of so many antibiotics which showed
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considerable therapeutic promise. One of thege is tetracycline
discovered in 1948. VWhile this drug is one of the most potent
antibiotics against many organisms, it hag also its limitations.

A variety of side effects may ensue from its use, In this thesis,
these untoward reactions which affect the developing teeth, will be
discussed., Such presentation will be based upon, and supporied by

the weight of evidences gathered from clinical and laboratory

investigations.
For a better understanding and appreciation of the possible
effect of tetracycline on developing teeth and the possible méchanism

involved, its historical background, chemistry and mechanism of action |
be reviewed, Different views on growth and development, as well as \\Y
the chronology of appositional growth of teeth have been presented.,

Due to selective fixation property, as well as sfaining-injbone and

teeth which seems %0 be characteristic of the tetracycline fluorophore,

the possible mechaniems of such fixation on these calcifying tissues

are Jjointly projected. Both animal and human studies relative to
discolouraticn.and/br+hyp0plasia are evaluated. A short discussion

onn the effect of tetracytline on other tissues is also included. Case

reports and retrospective studies on children in New South Wales are

also included.

It is hoped in this review of the literature, the case reports
and retrospective studies will contribute towards the collation into
2 rational picture of the fragmentary information concerning the

effect of teitracycline on developing teeth. Iluch of the information




is now widely scattered in the scientific literature journals
and more research te be undertaken and published,
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I. DNTRODUGTION

The great therapeutic wvalue of %e'l;racycline compounds has been
soundly established over a long period of clinicai usage. These
compoumfs have a wide range of ef‘feq'biveness combined with low toxicity
and minor side effects. The wide popularity enjoyed 'b;y 'l;he‘
tetracyclines in common with other anitibiotics, however, led to their
indigeriminate use. Side effects af.ssacia'béd with their administration
which until recently, have been confined to allergic reactions,
senéitisation of patients, inbalance of normal bacterial flora and
emergence of resistant bacterial s*trai.ns, began to increage and unwanted
and sometimes serious resulis began to create problems for both the h
medical .and_ dental profesgions. |

Recently, tetracyclines as a group gained the | parvicular
attention and intevest of the dental profession. Recent observations
assc;cia*ting permanent discolouraition of teeth ranging from yellow 'toh
grey-brown to blue-brown have been reported by va,rioue; investigators.,
Hypoplastic and hypocalcified enamel have been reported in literature
t0 accompany this staining of the teeths There seems $6 be a cousensus
of opinioﬁ that these conditions followed systematic tetracycline -

" therapy administered during the active tooth formation. The _f?.c*b
that tetracycline crosses the plagﬁcen*ta. to affect the teeth of: foetus
when administered ‘ho_the mother in the later half of pregnancy, has been

reported by many inveétiga’horsb

There is indeed a vast wealth of information about tetracycline

scattered widely in écien’sific publicationg, Clinical and laboratory




investigations have been undertsken and are still being undertaken
and controversies resulting from these investigations continue %o
appear in seientific literature. The validity of the different
hypotheses proposed has yet to be established by further experiments.
This thesis, therefore, aims to integrate these facts in order
that & better understanding and appreeiafion of the possible mechanism
of the effects of tetraecycline on developing teeth can be estab]ﬂ.ished‘
While there is relatively little that can be done 4o alter the course
of events after development’ of such anomalies has begun, it may be
possible for Hdefztis’cs to minimise or prevent occurrence of anomalies
through kngwledge and wderstanding of the etiology, the effeet of

diffgrenﬁ tetracycline compounds, pathology and the chronology of tooth

development.




II, THE TETRACYCLINES

Higtorical Backeroundi- In 1948, Duggar3 4 discovercd an

antibiotic producod by the fungus, Streptomyces aurecfaciens. The
trade name given ves Aureomycin and is officially known as
¢hlortetracycline. Tue years latelr, Tervemycin was iselated by
‘ﬁ‘inlay?’? from Sireplomyces remosuy, and “beaame knoun ag oxytebracycline,
A process of gynthesizing tetracycline hy ¢atalytic hydrogenation

of the chlorine radical of chlorietracycline wag patented by Connover
in 1955.°7 HeCormick'® isolated demethyohlortetracycline im 1957,

It was produced by a mutant of Duggar's original strain, It was

not until two years later, however, that thisg was firgt inbroduced

into eliﬁi.aal use. To date, five homologues of the tetracycline
family have begen introduced for medical ungl . These are: (a)
Tetracyeline (1C); (1) Oxybetyatycline (07C):; (c) Chlortetracycline
(¢7¢); {d) Demethylchlortetracycline (DTC) and (e) N-pyrolidinome-
thychlorietracycline (RTC). ‘These are known in the market under
varioug trade names (Table I) .5‘8

Chemistry of Tetracyclingi The telracyclines are obiained by
fermentation from Strepiomyces specigs- and their chemical identities

have been esgtablighed by degradation sstudiesn?’l

The imporitant members
of the group are devrivatives of an octahydronapthacene, & hydrocarbon
that is made up of a system of four fused rings. It is from this

sygtem that the @roup name is obtained, The antibiotic spectra and

chemical propertics of these c¢ompounds ave very similar, but not




Table I. Trade names of the five compounds of tetracyecline group.

(West and Todd)123
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GENERIC NAMES : TRADE  NAMES

Tetracycline (TC) Achromycin, Panmycin, Polycycline,

Tetracyn, Staclin, Cyclomycin
Tetradecin, Agromeacina, Sanclomycin,
Purocyclina, Tetrabon, Criseociclina,

Ambramicia

Oxytetracycline (OTC)

=
il

Terramycin, Biostate, Ryomycin

-----I - o D = WD S Al W N u ub oy mE eyl

Chlortetracycline(CTC) Aureomycin, Biomycin, Biomitsin,

Avreocina, Acromize, Chrysomykeil

Demethylchlortet-

racycline (DMTC) Declomycin

et alp W ol wb Wy ol b .

N-(pyrolidinomethyl-

chlortetracycline (RTC Tetracycline, Synthetrin, Velacycline, |

Rolitetracycline, Rexverin
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? idemtical (Figs 1) t31 The usbtracyclinoes are amphotheric compounds

Torming salue with either acids or baseo. |

Totracycliven have an affinity for polyvalent cationeg such asg

salocium, and tebtracycline-palcium complexes cecure Under the

influence of strong light, the tetracyslines are unstable, and darken

in colour, Tetracycline fluoresces a golden yollow colour in

uliraviolet light, This property is used vwhen giudying the distribution

of tetracycline in the tissues.

bechanism of Actioni- Stable chelate complexes are formed by -
teuracycline with mauy metals including calcium, mammesium and iwam""l
‘These antibiotics have strong binding properties with metals. hi’ﬁ
was suggested that their antibacterial properties may be dus to an

ability to remove essential metallic ions as chelated compounds.

1t appears, however, *bhé:‘a chelation does not pley a big role in the

action of tetracycline, but mey facilitate transport of the compounds
at their site of ncbion. Some investigaitors concluded that the
antibiotic acts principally by inberference with the protein synbhesis.
pany observed 'effeczta of tetracyclines are probably remote resulis

of more fundamental disturbances of cellular metabolic pathuays.

Vood and Arahez'?lgf}

abated that the bacteriostatic action of
tetracyclines inhibite cytoplasmic mebabolism which is emsential 4o
bagterial grouth, h

It is knowm that tetracycline can form complexes with galeium
at physiological pH yanges, and two theories have been pmpﬂmed.m

One theory suggesis that the deposited material is a tetracycline-
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calcium-orthophosphate complex related %o the inorganic surface
crystais of bone (Llilch,zfq', IJalekéB). Another theory by the same
investigators implied that tetracycline is attached to the organic
bone matrix and {umor tissues by cértain peptides,

The members of the tetracycline family are given for specific
infections and categorised accordingly (Table Ii)a They occur in

various forms and are given daily in certain specified domage ranges,
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Table II.
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Category dosage range and form of the tetracyeline compounds .

7

(West and Todd)123
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Tetracycline ! Antibacterial
]
| Antirickett-
sial

500 mg Tablets, Capsules

times dailw Oral suspensions

4
1-2 Gm. daily Injection

»* =

Opthalmic solu-
tion,
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Chlortetra-~ 'Antibiotic ! 250 mg. ! Capsules
' L) '
cycline: t Antiprotozoan | 4 times: daily ! Opthalmic
' f :
: . ! Injection
¢ t '
] t ¥
] ! : :
Oxytetra- t Antibiotic ¥ 250 mg ¢ Bapsules
_ ' i ' t
cycline rAntiprotozoan ! 4 times daily ! Susvension
! ' '
E E . Opthalmic
'
' ]

3

' t
Demethylchlor~ [Ahtibiotic | 150 mg. 4 times! Capsules
f 1) ?
tetracycline ! vy daily or 300mg! Syrup
1 t t
é E 2 times daily ! Suspension
!
] '

Kolitetracyclin Recommended where the oral dosage forms are:
not suitable. Introduced for use by intra-

mascular and intravenous injections.,
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I1T,. REVIEW OF GROUTH AND DEVELOPHMENT OF TEETH

Staining and possible hypoplasia resulting from tetracycline
administration, have been obgerved in calcifying tissues. In the
tooth, interest has been directed primarily to the effect in enamel
and dentines A review of the tooth structure development and the
chronology of appositional growth will give a better appreciation
and understanding of this problem. It will also play an important
role in the interpretation of clinical findings, and would be of
value in arriving at a correct diagnosis of dévelopmental anpomalies
related to the effect of tetracycline on the developing teeth.

Deveiopmen'é of teeth in the human embryo begins during the
sixth week of foetal lifes This is manifested by the appearance of
an ectodermal thickening, the dental lamina, in the epithelial
covering of the primitive ridge areas, The dental lamina is formed
ags a result of localised, rapid proliferation of epiﬁhélial cells which
thickens progressively extending into the underlying mesenchyme.

Soon after formation, another thickening and dowmward proliferation
of oral epithelium occurs., This is labial and buccal to the dental
larpina, and separates it from the future lips and cheeks.23

During the eighth week of pregnancy, the dental lamina on
each side of the jaw shows five discrete round bud-like enlargements.
These become the primordia of the primary teeth, These tooth germs

23

congist of an ectodermal part and the mesodermal part. Brauer and




czmm:z*lmrs,lg; classified these spacialized structures into three

groups, namely: (a) the propriodontal structures which are peculiar
to the tooth enamel and dentine; (b)) the pulp or endodontal structure...
the formative orvgans of the dentine; and (¢) the pericdontal structures
composed of the cementum, alveolar bone, periodontal membrane and
the gingiva,.

The dental lamina also initiates the successors of the primary

of the
teeths. These originate from the extension of the dental lamina/tooth

liﬂgugil (}tgiisslﬁg leorrespanding primary todéth germs. This varies from
the fifth month in utero for the central incisor to iten months of age
for the second bicuspid. 'The dental lamina extends beyond the second
primary molar tooth germs to form the first, second and third
permanent molars. Thisg ocours from the fourth men:th of the intro-
uterine life to the first year afier birth with regards 4o primary
gentition, and from four to five years of life in the second and third
secondary molars.

A, Amelogenegigie The ameloblast: is directly respongible for the
development of ‘the enamel, Accodding to their function; the life
fpan of the célls of' the inner dental epithelium can be di';rided into
8ix sﬁag?as;;ws (a) Morphogenic; (b) Organising; (¢) Formative:

(d) Haturation; (e) Protective; and (f) Desmolytic, However, the
smphagis in this thesis will be | only on the formative and maturation
stagess . These are the siages more closely concerned with possible

developmental anomalies related o tetracycline administration.

Based on the ultimate structure and composition, ftwo processes
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are involved in enamel development; (a) the formative stage or
organic matrix formation, and (b) the mineralisation or maturation
pltagey

1. JFormative Stage:- The 'presence of dentine seems 40 be
necessai;y to initiate enamel matrix farma'tio;l, so.that the ameloblasts
enter thelr formative stage after the first layer' of dentine ha;s
‘58@11 produced,. During the formation of enamel matrix, the ameloblasts
retain approximalbely the same length and arrangement. The first
enamel matrix is depasitei extracellularly on a thin layer, the
dentino-enamel membrane, along the dentino-enamel junction (Orban and

93

Sichergaa Quigley,”~ and Fearnhea 36) + This membrane is continuous
with the interprismatic substance that forms aubs'equen*tlya Thig
would account for the fact that the digtal ends of the enamel rods

are not in direct contact with +the dentine, IMatrix is then depogited
between the distal ends of the ameloblasts, completely surrounding
the ends of the cells, and delineating the Tomes' process. During
this time ‘the Tomes? procesaeé begin to form, the ’l;erminai bars appear
at the distal ends of the ameloblasts., These bars separate the
process from the cell prc}pﬁer. - A "filling in® of the distal ends of
the Tomes?Y process with matrix material to form segments of enamel
rods follows (Scott and Nylen; 99) + Such transformgtion of the Tomes?
process into matrix is repeated over =zund over azain until the entire
thickness of the enamel is formed (Fig. 2)« This rhythmic deposition

of four microns daily, resulits in primary segmentation and is

considered to be the bagis of cross siriations seen in mature ods,
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2. IMineralisations~ After mogt of the thickness of the enamel

has been formed im the occlusal Or incisal areas, enamel maturation
occurss At this stage, enamel matrix Fformation 18 still progressing
at the cervical parts of the crowns. Hineralisation of the matriw
takes place in two stages, but the interval between these stages
appears %0 be very small (Crabb,grr)a In the first stage, an immediate
partial mineralisation occurs in the matrix segments and in the
interprismatic substance as they are laid down. 1In 1943, Weinmanplzl
indicated that initial influx may account for the 25 to 30 per cent of
the eventual total mineral content. Frank and Sagnna,es,3 ) have shown
that thig Tirst mineral is hydroxyapatite crystallites. This was
arrived at “through the use of RDBY diffraction and electron MICYOSCODY
The second stage, or maturation, is characterised by the
gradual completion of mineralisation which starts from the height of
the crown and progresses cervically (Fig. 3)5103 *Allanz and Grabb27
stated that maturation seems to begin at ‘the dentinal ends of the
vods. There is therefore, am integration of two processes....cach rod
matures from the depth of the surface, and the seqﬁence in maturing
crowns begin from the tips of the cusps or incisal edge and proceeds
toward the cervical line. Maturation goes on in the inner, first formed
ma.tri;a?a:t the same time as initial mineralisation is taking place in
the Gu‘ter)recently formed matrix, This results from the fact that
the maturation process begins before the matrix has reached its full
thickness. The basic pattern is at first parallel to the dentinoenamel

Junction, then to the outer enamel surfaces. Hence, the incisal and
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occlusal regions reach maturity ahead of the cervical region (Fig. 4).
IT was suggested by Frank and Sognnae$,39 Scott anﬁ.mylen,99 and
‘Rchnﬁhclm,95’96 that maturation at the ulirastructural level, is
characteriged by growth and eventuasl fusion of the crystals seen in
primary phases The elongated hexagonal prism cross sections may be
altributed to the fact that these original ribbon-like crystals

85

increage more rapidly in length as compared to their width (lylen,

114)I

Travis and Glimcher In 1952, Sognnaes and cowaﬁkérsglo4 atated

that the fibrils of organiatmatrix.gra&ually‘beéome thinned and more
widely spaced to make room for the growing crystals:e There was
speculation that some of the organic fibrils actually become imbedded
in the crystals (Scotﬁ,99 Rﬂhnnholm95’96),

18

Brauer and co~authors,” considered that while the basit formative
plan at each growih centre is the same for all classes of teeth,
the final incremental pattern differs for the different classes; This
is determined by the number and position of their individual growth
centres. lWhen the cones or adjacent growth centres with formative
cells enter into the sphere of influence of one another, a fusion of
the products of cellular activity occurs so that the succeeding
incremental layers take on the gross outline of the dentinoenamel
junction itself (Figs, 5 and 6)a18
In connection with the nucleation of enamel, hydroxyproline has
been detected.in.hoth.mairix:(Piezgo), and. the snamel of unerupited

teeth.(Burrowszo). This led to speculation: that collagen may be

present in an early stage of enamel development and could be the
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nucleating agent of enamel, If this is so, it would be very sparsely

digtributed compared with the collagen of bone and dentine.
Calculations based on hydroxyproline content of total protein from
developing enamel suggest that collagen cannot form more than 5 per
cent of the total protein of an early stage of enamel development.,
With collagen ap nucleating agent of enamel, it would be expected 1o
give rise to a comparatively small number of crystallites, relative
to the volume of tissues. The crystallites fthereforey have more
room to grow in the presumably favorable environment provided by,
the main protein component of developing enamel (Glimcher,4“3and
Piez90)@ The crystals grow to fill all the space available and

consequently reach a much larger size than in bone and dentine. The
crystals of enamel are particularly large when compared with other
specimens of hydroxyapatite in biological systems and even those which
can readily be produced in viitro., The production of 1a.rg§_ crystals
seems t0 be a special characteristic of enamel. This could possibly
account for the difference in uptake of tebtracycline, retention of the
fivorophore and staining p;:rten‘i’;ial of enamel and dentine.

The final produ&b of the ameloblast is the anamel cutbicle,
Thisg is the thin organic membrane that covers the entire enamel surface,
Bo Dentinogenesiséw Thie is a two-phage sequence pl“OOeSS‘ElOS
(a) the elaboration of an uncalcified organic maitrix - the predentine
and (b) mineralisation. The second phase does not begin until a

fairly wide band of predentine has been laid dowm., The width of the

predentine therefore, remains relaitively constant until the maitrix
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Diagrammatic representation of the calcification patitern
superposed on the incremental pattern of the primaxry teeth
in labiolingual sectionss On the right of each tooth is
indicated the approximate age at the beginning of teeth
formation, at the completion of the crown, and at the
completion of the root. Each increment represents
approximately 3 months of tooth development. On the
left of each tooth is indicated the level of the neonatal
ring (birth) and the infancy ring (ten months), The
infancy period (birth to 10 mos.), is stippled. In this
figure m signifies months and m.i.u., months in utero.
(Massler et al)TiA
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Diagrammatic repregentation of the calecification patiern
superpoged on the incremental pattern of the permasnent
teeth in labiolingual sections. Each increment represents
approximately 1 year of tocth development. On the right
of each tooth is indicated the approximate age at the
beginning of each tooth formation, at the completion of

the crown, and at the completion of the root,

of each tooth is indicated the level of neonatal ring'fbirthg
the infancy ring (10 mos.), the early childhood ring (% yrs.);

On the left

and the later childhood ring (5 yrs.). The infancy and

later childhood periods are stippled in the dentin. In

thig figure m signifies months and y, years.

)71&

(llagsler et al
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is completed. The formation and calcification of dentine proceed
inward from the tips of the cusps or incisal edges, by rhythmic
apposition of conic layers...one within the other.

l. Predentine Formation:-  The appearance of bundles of
fibrils between differentiating odontoblasts, marks the first sign
of predentine formation. The cells assume a funnel-ghaped configuration
near the basement membrane, and the fibrils diverge in a fan-like
arrangement to form the Korffs: fibresi The origin and role of +these
Iibres in dentinogenesis is still not clear. Some investigators
(Grhan,87 and.Bevelanderlg), suégested a precollagenous nature'becaﬁse
of its argyrophilic reaction. More recent electron microscopic
investigations, however (lylen an&-ScottBB), revealedfthat at their

first appearance, the fibrils already demonstrate all the structural

characteristics of collagen itself.

The Kbrff% Tibres are a major constituent of the first formed

matrix. The mantle dentine comprising the narrow layer near the
basement membrane is made up of theseKorffE fibres and smaller collagen
fibrils, The latter fibrils which form a network, predominate
throughout all of the succeeding circumpulpal predentine layers.

At this stage, the Korffs fibres, now compact bundles of parallel

fibrils, become a minor component. Electron microscopy studies of

Watgon and Aveny,llgﬂylen and Scott,83 Frank andrNaIbandian,4o have
shown that the smaller collagen fibrils in the predentine are formed
in the immediate vicinity of the distal ends of the odontoblast. As

to the origin of the collagen fibrils in the predentine, the assumption




has been made that these fibrils are produced in the subodontoblastic

region from an afibrillar substance, presumably the product of
113

‘I‘akum#ll2 said that the presence and the significance of Korffs

odontoblast.

fibres is still a matter of speculation among electron microscopist..

These fibres had been identified by prewious investigators and more

recently were found in human teeth, both in the developing82 and
T,
mature52’53 stages, Noble, Carmichael and.Rankine,82 also suggested

',v‘ :
that Korffs fibres do not play an important part in predentine matrix

formation because they were seen only at a later developmenial stage
aggregated in small amounts between the fully developed odontoblasts.
2. lineralisations:— Takuma,lll

RN T AR SR AT R

proposed that mineralisation

of the layers closest to the dentino-enamel junction begins in small
islands after several microns of predentine have been laid dovm.

These subsequently fuse and form a continuous calcifie&'layer.
;Hinerglisation.usuall& advances pulpward as a linear front roughtly
paralleling*thg odontoblastic layer, with further predentine formation.
Advancing minerslisation sometimes occurs in globular areas that
subsequently fuse. Occasionally,; both globular and linear calcification
aré seen in combination, Takuma described the dentine crystals as
being needle, plate-like andgranulé shaped in the developmental stage.
Watson.andwﬂveny,ll9 Johansen and Parks,52'53 and.Johansen,54 described
dentine crystalites as thin plates, and thinner more dense profiles

are intverpreted as an edge-on view of some crystals. Thig view has

52 24

been positively confirmed by Johansen and Parks,” and Johansen
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through the stereoscopic analysis of crystals obtained from mature
human dentine,

From the beginning, the apatiite crystals form and grow in
relation %0 the collagen fibrils (Takuma).112 These changes commence

in a surface layer of the predentine which has developed %0 a ceritain
thickness and forms small clusters of apatite crystals. In more
advanced stages, the clusters develop into irrvegularly shaped islands
which later fuse to form layers of dgntine. It is at this stage that
an especially heamy'ancﬁmulation of crystals occurs on the iﬁner*walls
of the dentinal tubules, thereby increasing the width of this area
and resulting in the formation of %the peritubular matrix. This is
casily distinguished from the intertubular matrix because of ilts more
highly mineralised nature.. As the clusters of apatite appear in the
predentine, the separating membrance becomes vague and disappears,
and enamel matrix starts to form directly on the surface of the
dentine formed through the fusion of the islands. Thickening of the
dentine layer takes place through additions of the dentino-predentine
Junction. An acute narrowing of the tubules of the predentine and
of the odontoblastic processes occurs at the dentino~predentine juncition,
as the peritubular matrix forms at a rate similar to that of the
intertubular matrix during appositional dentine growth.

The precise mechanism of cnystaﬁites formation hag yet %clbe
definitely established. The quesiion of how inorganic gzystaliites
are Tirst formed for those hard tissues with a collagenous matrix is

far from being settled. A theory known as the "Epitactic Theory",al




has since gained support. This involves the concept of catalysis

of the formation of crystal "seeds" by a solid surfa.ce which has

some of the characteristics of lattice of these crystals. Sirong
evidence suggests that cdllagen, either of itself or following
activation, or acting in association with other macromolecules, has
the necessary characteristics for the formation of the hydroxyapatite
crystals (I‘Ieiclman)alzo Once ‘the seeds of inorganic crystals have
Tormed whatever mechanism operates, they would be expected t0 increase

in size as a rvesult of the physical process of crystal growth. This

is of course, provided that sufficiently high concentrations of calcium
and phosphate ions are maintained within the mineralising system.
'IJhé crystal growth continues until almost all of the available space

f is filled.>?

=,

:¥ Cs Chronology of Appositional Growths—  The growth process of

dentition is subject to considerable physiological variation. Research

workers describing the chronology of the human dentition have presented

T

averages for the various age levels (Legros and Iﬂa,gi'bot,&' ITummery
2

Churchill, 2 Logan and Kranfeld,65 Schour and Massler, 9 Kraus,

Scott and Nylen,99 Kraus and J ordanS 9) N

60 placed the initial calcification of the primary teeth

Kraué,
in the range of 14-22 weeks in utero. In a study involving 95 foetuses,
he established that +the time of initiation is variable. He observed
that the primary central incisors developed from a single lobe and not

from three centers as formerly believed. Kraus gave the following

order of initial calcification of primary teeth: (a) Central incisor,




upper befors lower; (b) First molars, upper before lowor;
(¢) Latoral incisor, upper before lower; (d) Cuspide, lower moy
be 5]:igh*bly earlier; and (o) Sccond molars, simultoneously .

18 geated that the appopitional growth

Braver and agsociates
of' teoth beging at different ages, but in a definite and regulay
patiern and sequence (Table III)s ~ Systemic diﬁe_g.ﬁeﬁ or disturbances
occurring during these different stages influence the nature and

appearance of the beeth (Table IV). DBrauver's groupings are as follows:

Group I. {Prepatal):~ Az 2 group before birth, the apposition

of enamél and dentine of primary teeth ranges from 4-6 months in wiero,

from central inclisor to second molars

Group IT. (Birth to 3 months):- Thim group involves the Tiret
permanéﬂ% molar and the permanent,anﬁeriar voeth except the latoeral
ineisor which dees not begin mrbj.l about 10 months of age.

Group III. {1y = 3 years):~ There is a pause, then the
bicuspids, and the second permanent mélam begin their formation as
& group aboui ihese ages.

group IV. (7 = 20 years):- Another pauge, the %hirclhmc;lam
commence formation.

Ag 2 rule, the upper teeth begin formation slightly earlier than

the lower. However, the lower generally erupt before the corresponding

upper teeth.
Inamel and dentine formation proceeds both regularly and
rhythmically, and the time requived for the completion of the crowm

depends on the length of the crowm and rate of tisbdue formation. Upon




Table III.
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CHRONOLOGY
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Chronology of Growth of Human Teeth.,

(Braver et al

* w.i.u. = weeks in utero.
T m.i.u. = months in utero.

oF GrRowTH oF HuMAN TEETH
| Enamel and “ |
el an
Tooth Tooth Gfrm Dentin Appo- |  Crown |  Root
Formation . . Completed | Completed
stition Begins
| Central incisor. ......... 7 wauw* | 4414 m.iu. | 124-214 mos.| 114 yrs
9 Lateral incisor. . ...... .. 7 w.l.u. 419 mau. | 214-3 mos. | 114-2 yrs
, :
<
E Cuspid................ 714 w.iu. 5 m.1.u. 9 mos. 314 yrs. |
a ¥
Firstmolar.......... ... 8 w.l.u. 5 m.i.u. 514—6mos. | 214 yrs
Second molar. .. ... ... .. 10 w.1.u. 6 m.1.u. 10-11 mos. 3 yrs
Firstmolar............ 3l 4—4m.iu.t Birth 215-3 yrs. | 9-10 yrs
Central incisor. . ... .. 5-514 m.i.u. 3—4 mos. 4—5 yrs. 9-10 yrs. |
Lateral incisor........... 5-514 m.n. | 10-127F 4-5 yrs. |10-11 yrs
mos.
‘ 3-4
E . R
2 Cuspid................ 514-6 m.iu.| 45 mos. 67 yrs. | 12—15 yrs. |
é First bicuspid. ... ....... Birth 114-2 yrs. 5-6 yrs. . |12-13 yrs.
a
Second bicuspid. ........ 74-8 mos. | 2-214 yrs. 6-7 yrs. |12-14 yrs.
Second molar. .......... 8199 mos. | 214-3 yrs. 7-8 yrs. | 14-16 yrs.
Third molar. ........... 319-4 yrs. 7-10 yrs. 12-16 yrs. |18-25 yrs,

I When significant differences occur between upper and lower teeth, their chro-
nology is indicated separately.
SOURCE: Schour, I., and M. Massler, 1940.
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| Table IV. Developmenital pattern of the child and ite reflection

in the teeth. (Brauer et a1)18
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B l DEVELOPMENTAL PATTERN oF THE CHILD AND ITs T
» REFLEcTION IN THE TEETH Develop- Teetht
menial )
' Develop- Teetht Periods Age ﬁynﬁ;mr ':::: ] _ )
' mental Phvsiologic and . _ _ and Period cveiopies Qualnty of Calctfica- Distribution of
Feriods Age e . Characteristics tion and Histologic | Hypoplastic Defects
, Developmental : : Tooth I :
an Pesio eeiopmenta Quality of Caleifica- Distribution of ~| :
d d Chararteristics : R Characteristics in the Enamel}
Tooth fton and Hustologic | Hvpoplastic Defects RS
I, Rings Characteristics tn the Enamel} Farly About 21, : A sharp arrest line | $~10% (acute hypo-
, Prenaral Well-protected para-| Good calcification [ Rare childhood |  yrs. in cnamel and den-f  plasia of th:: carly
\ sitic existence ring tin which demar-| childhood ring)
i l Neonatal | Birth to 2| Nconatal adjust- | Dark, distinct arrest | 7 (acute hypopla- cates carly from
| ring whs, ments; birth| lincincnamel and| sia  of nconatzl Jater  childhood |
'I | trauma; arrest in|  dentin ring) periods; marks 2
} growth period of acute
1 Infancy 2 wks. to | Period of postnatal | Generally poor calci-{ 709 (chronic hy po- susceptibility  to
| | period about 10/ adjustment;| fication, progres-| plasia of the in- enamel hypoplasia _ :
| mos. marked suscepti- | sively less homo-| fancy period) |ater | About 21, Most of the exan- Calcification gener- 5-10% (chronic
. bility to infection, | gencous from third chuldhood ¥ 5 yrs thanatous discases|  ally poor but bet-  hypoplasia of the
; disorders of ali-| to tenth month; piod oceur dunng this | ter than during the'  later childhood T
* mentation, and| period of poorest puniod infancy period period) .
| metabolicdisturb- | calcification and |.ater About § ? A sharp arrest line | 5% (acute hypo-
ances; changes in| greatest suscepti- childhood | yrs. in enamel and den-|  plasia of the later
i mode of growth| bility to chronic ring un which demar-| childhood ring)
| , from simple to| hypoplastic de- cates the later ;
*" complex fects, early in- childhood from the
fancy ring present grade school pe-
| at sixth month > riods; marks a pe-
Infancy About 10| Time of greatest [ Sharp arrest linc in [ 5%  (acute  hypo- riod of acute sus-
'. ring mos, susceptibility to] enamecl and dentin{ plasia of the in- ceptibility to en-
| discases of in-| demarcating in-| fancy ring) amel hypoplasia
, fancy, ‘‘critical”| fancy from carly Grade- About § 1o ? Calcification gener- | Relatively rare
: ’I pertod; temporary|  childhood period; school 10 yrs. ally good but var-
': . depression in| marks a period of age table
growth curve acute susceptibil-
| ity to hypoplastic source* Massler, M , 1. Schour, and H. G Poncier. 1941.
\ defects of the en- 1 The levels of teeth affected are given in Figs. 3-12, 3-13, and 3-18, _ I
| amel as well as the t Because of the extreme sensitivity of the enamel-forming cells 10 metabelic dis-
j abrupt  termina- turbances, severe disturbances in calcification are manifested also as dcﬁcicpt enamel |
| # tion of chronic formation (enamel hypoplasia), which can be rccognich grussl}'.‘ Al:.)out' 5 per cent
1' ! hypoplastic  de- of the population suffer from these defects The figures give the distribution of these
| . feets of infancy defects according to age and type and refer to percentages of the total number of
] EarI}‘r About 10 Mnn':: independent | Recovery in calcifi- Relauvely rare hypoplastic defects observed (sce Fig. 3-20).
childhood| mos. to| existence; im-| cation and cessa-
period 2)g yrs.| proved alimentz-| tion of hypoplasia
tion and antibody |  abrupt and com-
mechanism plete; calcification
better than during i
i infancy but nort so
| good as during
prenatal period . B - - - T T i
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completion of the enamel formation, the crowm of the tooth is
finished. The primary iteeth takes from T-14 months for formation of
the crowm. The completion of the crowms of secondary teeth takes
from 3-6 years, due to their greater sizes and slower rate of formation.
The first permanent molar, due to its relatively rapid ratg of formation,
takes the least time to develop. The cuspid, both secondary and
primary, take the longest time t0 develop because of the length of +the
CTOtM

Conflicting opinions are still prevalent as far as chronology
1s concerned, Logan and Kronfeld's figures, however, slightly
modifiied by McCall and Schour, are still generally regarded ag a valid
meagure of prenatal tooth development. Coughlin26 in his study, does
not agree with these figures, but follows more closely those presented

by Kraus and J ordana? 7

Coughlin's findings relating to the exitent

of calcification at birth differ from the modified Logan-Kronfeld
figures, His results showed that the mean age of coalescence of -'the
cusps wag 32 weeks for the mandibular first molar. Coughlin alsgo
obgerved that complete occlusal calcification was present at 33,7 weeks
in the maxillary first molar and 35.4 weeks in mandibular first molar,

29

resulte almost identical with those of Kraus and Jordan,

Gates41’42 investigated the applicability of the current eruption
times of permanent teeth to the Australian child population. He made
ugse of Barnard's da'ta,n obtained from a crogs-sectional survey of a

representative sample of New South Wales school children made in 1954~

1955, Of the 5660 children examined from 54 different schools in the

N
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country and Sydney letropolitan area, 2,753 were girls and 2,907
boys, aged 6-15 years of age. They are all white children residents
of NeS.W. -HNo great difference between. the sequence of eruption,
derived from the average age of eruption in this study, and that of
other studies was found (Table V). It appeared that females are
about 6 months ahead of males as far as commencement and completion
of the seécondary dentitions are concerned. It is considered normal
for secondary dentition to commence eruption hetween the ages of

5 years and 6 years 4 months for females, and 5 years and 6 years

9 months for males. The range of completion of the permanent
dentition with the exception of %he third molar is within ]:1 years
to 14 years 7 months for girls, and 1l years 5 months to 14 years

11 months for boys (Table VI).

While most investigators are in agreement that the
higtodifferentiation and appositional stages of the primary and
permanent dentitions extend from the end of the second month of
prenatal life to about the six months after birth, and from birth to
about 10 years of age, respectively, these are not conclusive. Hany
questions still a;fise and many other investigators are being stimulated
t0 seek snswers t0 these questions, Debailed morphogenesis and

morphodifferentiation studies have yet to be done.
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Table V. ledian Ages of eruption of permanent teet
16
Wales children. (Brearley, Stragis and Storey)
| : : - e—— L : i i
| Median ages of eruption of permanent teell) of New Sowth Wales children
Females Males
Confidence intervalf Confidence intervalt
Tooth* Median Median -
Lower Upper Lower Upper
limit limit limit lilfnpi?;
" Upper: Yr. Yr. Yr. Yr. Yr. Yr.
1. L 680 6-714 6 - 892 7-12 7-043 7-205
R . 6+79 6-702 6- 882 7-10 7-018 7-181
2, L 7-75 7-666 7-828 8-15 8:066 8-228
‘ R 7-77 7694 7-856 8-15 8072 8235
1 3. L 10-71 10-60 10- 81 11-33 11-23 11-43
R. 1065 10- 55 10-76 11-31 11-21 11-41
4. L 9-80 9-691 9-903 10-20 10-09 10- 31
R 9-83 9-722 9-929 10-25 10-14 10-36
, 5. L 10- 66 10- 54 10-78 10-95 10-84 11-07
R 10-66 10- 54 10-77 10-98 10-87 11-09
6. L 6-11 5-909 6-314 6-23 6077 6-393
R 6-13 5+940 6- 327 6-32 6-160 6-490
7. L 11-75 11-65 11-86 12-12 12-01 12-22
‘ R 11-74 11-64 11-84 12-12 12-02 12-23
1 Lower :
1. L 594 5-678 6206 6-21 6-063 .  6:370
R 5-96 5:721 ., 6-202 6-16 6:004 |  ¢-324
2. L 6-97 6-867 |  7.064 736 7280 7-436
R 6- 88 6-782 | 6-977 7-32 7:236 7-396
, 3. L 9-40 9-309 !  9.490 10-48 10-39 10-58
R 9-41 9-316 |  9-497 10-51 10-41 10-60
4. L 10-12 10-01 |, 10-22 10-79 10-67 10-90
R 10- 30 10-19 10-42 10-82 10-7) 10-94
5. L 11-17 11-05 11-30 11-59 11-47 11-72
R 11-03 10-91 11-15 11-55 11-43 | 11-66
6. L 5-85 5:564 |  6-159 6-14 5-961 . 6-323
R 5-95 5:712 | 6-206 6-12 5:944 ' 6-304
7. L 11-25 11-15 :  11-36 11-63 11-53 ¢ 11-73
f R 11-30 11-19 + 11-40 11-69 11-58 | 11.78
f : !

.. ¥ Tooth code : Teoth are numbered 1 to 7 corresponding to central to second molar. L and R denote
icft and right sides of the arches respectively.

T Ninety-five per cent. confidence interval of the median.

b ™ .




Table VIiI. A comparison between the average sequences of eruption

of the permanent teeth, which were observed in this and

other studies, Teath of both archeg considered as ons,

16
(Brearley, Stragis and Storey)
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A comparison between the average sequences of eruption of the permanent teeth, which were observed in this and
other studies. Teeth of both arches considered as one series

Upper jaw Lower jaw
Study Country —
| I, I, C Pmy Pm, M, M, | I, I, C Pm, Pm, M, M,
| Females
Present study | Australia | 4 6 11/10 8 10/11 3 14 2/1 3 7 9 12 1/2 13
Carr(® | Australia | 4 6 11 8 10 2/3 14 1 5 7 9 12 2/3 13
Halikis® . | Australia 4 6 10 8 11 3 14 2 5 7 9 13 1 12
Clements!®* | England | 4 6 10 8§ 11 3 13 1 5 7 9 14 2 12
Amsworth(®) | England . 4 6 11 7 10 2 14 3 5 8 9 14 1 13
+ Moak(" . South
Africa 4 6 10 8§ 11 3 14 3 5 7 9 12 1 13
Cattell® .. ' America 4 6 11/12 8 10 3 14 2 3 7 9 11/12 1 13
Hurme® ., | Inte r-
national | 4 6 12 8§ 10 2 14 3 3 1] 9 11 1 13
| Males
" Presentstudy | Australia | 4 6 11 7 10 3 14 2/1 5 8 9 12 1/2 13
Cirpts) .+ | Australia | 4 6 11 7 10 3 14 1/2 5 8 9 12 1/2 13
 Halikis® |, | Australia | 4 6 11 7 9 2 13 3 5 8§ 10 14 1 12
Clements!®* | England 4 6 11 7 12 2 13 1 5 8 9 14 3 10
- A:nsworth!® | England 4 6 11 7 10 2 14 3 5 8 9 12 1 13
Monk(? South
. Africa 4 6 11 7 10 2 14 3 3 8 9 12 1 13
- C ttell® America 4 6 12 7 10 3 14 2 5 9 8 11 1 13
" Barme™® ., [ Inter-
national | 4 6 12 7 10 2 14 3 5 8 9 11 1 13

* Right side only.
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1V, EFFECT OF TETRACYCLINE ON DEVELOPING TEETH

Many investigators have established a correlation between
tetracycline administration and the discolouration of primary and
permanent teeth; as well as the possible hypoplagsia of the enamel.
llmch information has appeared in the literatures describing the
particular affinity and seiectivity which tetracycline compounds
exhibit for bone and $ooth substances. This selective fixation
property of tetracycline fluorophore complex in tissue undergoing
calcification at the time of the administration of this drug hag
made possible the use of tetracycline as tracer material in both

osseous and dental tissue studies, both in animals and humans.

A. Discolouration:- The yellow colour and the golden yellow

fluorescence pattern exhibited by the osseous and dental tissues
under ordinary" and ultraviolet light respective iy, are stroﬁgly
indicative of tetracycline deposition. Both animal and human
studies have produced the various data dccumulated so far, in
order to unravel the possible role of tetracycline therepy in the
production of such staining.

1. Animal Stu;iiesza- In 1958, Milch and a&sociateéﬁl
reported tetracycline staining in their animal experiments.
Deposition of tetracycline in bones, beeth and tumor tissues were
demonstrated and also the specific localisation of the tetracycline
oxytetracycline in bones. This study also corroborated the

suggestion of these investigators that the drug may be employed
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in vive as an effective histological indicator for newly proliferated
bone tisgue, They used rals and white rabbits, both males and

females. In both gitudies, intraperitoneal doses of each of the
tetracyclines at the level of 50 mg/kg of body weight were administered.
Dogeg from 0.1 mg/kg to 200 mg/kg of body weights were given by
subcutaneous, intramuscular, and intravenous injections. In some
studies, oral administration was used. It was found that induced
fluorescence was apparent in xﬁ.de}.y distributed bissues, excepi the
brains This was obgerved almost instantaneougly following intravenous
injections, and within 30 minutes of the intraperitoneal administration.
It was found to persist for approximately six hours in all tissues

and was vndetectable grossly in soft tissues 12 to 24 hours later.

The flat bones, the Jong bones and the incisor teeth of ‘the rodente
showed persigtence of fluorophore for prolonged period of time.

A more vivid fluorescence was observed afber doses in range of 50

$o 200 mg/kg of body weight in comparison Ho minimal fluorescence .

with dosage range of 0.2 mg/kg.

l32repsr'{;ed; that when rats are given

Zipkin and coworkers,
tetracyecline during gestation, lactation and preweaning period, the
drug hag caries-inhibitory effect. They observed yellow fluorescence
under ultraviolet light, which accoxrding to them is strongly
indicative of tetracycline discolouration. Bevelander and agsociates ,12
giving tetracycline o young rats, found that the tetracycline was
clearly seen in the incremental pattern of fteeth and bone. They

gave 5 mg of tetracycline hydrochloride for each of five successive
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days and upon examinations Bf‘ the teeth fdlowing such treaiment,
they found fluorescent bands in the dentine and enamel of the incisors
and molars corresponding to the 5 injections of drug administered.

In 1961, Gwengg demongtrated crossing of the placentsl barrier
by tetracycline, Normal rate sbout 19 days pregnant were injeched
intramuscularly with chlortetracycline and killed 24 hours later.
Gross examination of the foebuses showed marked yellow fluorcscence.
Young female rats doeed heavily with chlortebtracycline prior to mating
and whose bones fluoresced bright yellow under ultraviolet light,
produced foebuses Whose bones did not show any Fluorescence. In the
same experiment,; a normal dog, & ueeks of age was doped regulaxrly
for 6 days a week T or a month with 750 mg chlortetracycline. Both
the enamel and dentins of {the deg exhibited pale yellow colouration
in daylight, with intense yellow fluorescence under wntraviolet light.

Boyne and Iv;i*;‘i'.’.l.‘Zl.er:]'Ei gave alternately at 10 days interval, single
intravenous doges consisting of 10 mg/ kg of hody weight of oxytetra-
cycline and chilortetracycline $o dogs whose cuspid teeth were

developing. lhen the ground unstained histological specimen was

examined with ultraviolel dark field illumination; a yellow fluorescence

- pattern was observed within the dentine of the animal given

oxytetracycline. With chlortetracycline, a deeper yellowr patitern
resultedes Varia%ions in characteristics of fluorescent bands made
possible chronologic orientation of growth pabtern of the developing
teeth. In addition, characteristic fiuorescent increments were

produced in the adjacent alveolar bone., They also reported that this
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tetracycline~induced fluorescence was found to have persisted in
the teeth of dogs twelve months after administration of a single
intravenous doge of tetracycline.
. LOOA . , e s
Shira, reported producing a pale yellow stain in permanent
teeth of a normal dog to whom he had given chlortetracycline for six

days for a period of one month. He was able %0 observe intense

yellow fluorescence of the teeth under uliraviolet light.  However,

this wag not demonstrable in the teeth of littermates. He found
four narrow bands corresponding to the days he did not administer
the drug. Applebauvm and mm~rkers4 made a study to deﬁermine the
effect of tetracycline administration on the colour of the teeth of
rats in the process of development. Gross and histolagic studies

| suggested that the discolouration and the fluorescence exhibited
under unltraviolet light, was a result of the deposition of tetracycline.
Dosage employed was 12.5 nmg. of tetracycline per 20 gin. of food during
the entire gestation period. This approximately corresponds to the
dosage level 5_0mg/ ke administered to infants and children suffering
from cystic fibrogis of the pancreas. This dosage was reduced 0
12,5 mg/30.gm. of food, following delivery and lactation. The second
group in their experiment was given five times the first group and
the third group acted as conirol group. The result showed that
group I had nominal colouration and group II had more, and that more
intense colouration resulted from higher dose levels,

109

Storey in his experiments with 14 day old rats given

tetracycline intraperitoneally, for five days and observed for the
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following fifty seven days, found that molar teeth were coloured
bright yellow and fluoresced under ultraviolet light. | Dosage

level used was 20 mg/kg per day and the fluorescence was observed
from 15 minutes onward. It appeared in growing bones as zones

of yellow staining with corresponding zones of yellow photofluore scence
under ultraviolet light. Throughout the bones, 'he'tracyaliyes are
deposited uniformly and higher concenirations are observed in aveas
undergoing calcification. They rema;in until both matrix and

calcium salts are removed during remodelling. It was observed that
in the higher dose levels of 200-250 mg/ lcg/ day, yellow and browm
pigmentations resulted. Fluorescent microscopy showed initial
localisation of tetracycline to margins of calcifying enamel where
the crowns were formed and enamel ealcification is incomplete. None,

however, was discernzble where amelogenesis and dentine apposition

has commenced.

64

Lewis ' mentioned Gron and Johansen as having demonstrated in

rats at the higher of the two dosage levels used, two distinct seis

of Tluocrescent lines in dentine corresponding 4o the four injections
ELVEN. Gu'b*l";i'baf?a and coworkers, in their effarﬁ to obtain specific
evidence that tetracycline is deposited in forming teeth and that it

is discernable both clinically, as a discolouration, and histologicsally,
using various microscopic ftechniques, mndertook studies in bhoth dogs
and ratso. ‘lfﬁ'tracyc:lineh was administered in accordance with varying

dosage regimens during the course of gestation and after different

periodss Clinically, the offspring revealed that the teeth of




dogs were discoloured wvhile the teeth of rats were neticeably
digecoloured only in the higher dose ranges. Hisbologic studies
viewed by both incandescent and uliraviolet lights indicated to
presence of tetra&yclinet In 1966, Bevelander and Halcahaz'am’
injected young rats with varying amounts of tetracycline for several
successive days. They were examined Ho ascertain presence of
fiuvorophore and discélouration of developing enamel and dentine.

They Tound that higher doses gave more fluorescence and colouration
(|

of enamel and dentine. In young rats of two weeks oid ; more intense
fluorescence and vigsible pigmentation of enamel and dentine were
Observed as compared with older rats. They concluded that large
doges affect the degree and extent of tetracycline discolouration.

70

Manson' in his study of bone act iviisyi and growth in animals given
4-5 day human adult c’icae*' of tetracycline, found little. if any
observable macroscopic signsg of piémenﬁaﬁiant - Label is clearly
vigible, however, in sections of enamel and dentine when viewed under
ultraviolet light,

2. Human Studiess~  Discolouration of the teeth by the
tetracycline group of antibiotics was first reported by Shwachman

610 1

and Schuster in 195 in their studies on a group of over 300

infants and children suffering from cyetic fibrosis of the pancreas

. tregied with chlortetracycline and oxytetracycline for one year or

move. They found that approximately five per cent showed discolouration
of the deciduous teeths Later, Shwachman and cmmrkerslog in their

studies on 50 children with cystic fibrosis treated with broad
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- Davieg and coworkers
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gpectrum antibiotvies, mainly tebracycline for at least eight years,
found that 40 children or 80 per cent had darkly stained teeth.
130

Zegarelll and associates reported that tooth discolouration

$ended to localise in the middle and cervical thirds of the clinical
crowns. These were children with c¢ystic fibrosis of the pancreas

and ‘the teeth appear grey, browm or black. Another study conducted

by Zegarelli, Kutscher and Fahn13l suggested that there is striking
relationship betueen tooth discolouration and the severity of
fibrosis of the pancreas. They observed that tetracycline, given
during the neonatal periocd, stained the primary teeth which appear
yellow on erupbion. As a groupy tebracycline localised a:qd deposited
in tissuves undergoing calcification at the time of administration.
22 reportved upon pesi-mortem material and 'Ql‘l
two children with yeilaw *bee“sﬁ which fluoresced under ulbtraviolet
light. ©One premainre infant vho died at 1l days of age, had been
given a 5 day course of tetracycline, the last dose being given 48
hours before death. Both bone and teeth showed fluorescence, bub
it was more intense in the teeth, especially the dentine.
Wallman and Hilbon carried out studies in 1961 and 196 2?;11 y112
In the 1961 study, they surveyed 64 full term children who had been
given tetracycline during their neconatal peried. Fifty of these
babies were followed up and 46 were found to have yellow or browm
digcolouration of the teeth with or without hypoplasia. Early in

the invessigalbion, a pabtern of tooth involvement which depended to

some extent on the gestational age, emerged. In most full-term




babies, the pigmentaﬁit'm affected the gingival portion of the
incisors and the incisal and occlusal portion of the canines and
molars, respectively. They suggested that tetracycline does seem
t0 pigment teebh when given in neonstal period. The greater the
total dose of tetracycline per kilogram of body weight, the greater
the chance of discolouration. The colour varies according to the
age of the child; bright yellow pigmentation in younger children
and brownish in older ones. In the case of a more prema‘hu?e SToup
of babies, the yellow colour involved s greater part of the incigor
tooth croums. Bnamel hypoplasia was found in the severely pigmented
teeth.

Twenty one children who had been given oxyteiracycline during
thelr neonatal period were the subject of the Ocltober siudies of
Wellmen and Hilton. They followed up records of 46 prema.;ture
children using the birthweight of less than 2.5 kg. as criterion
for prematurity. In the 21 children given oxytetracycline during
the neonatal period, most of them given the drug in the first week
of liifey it wag found that oxytebracycline does not seem o cause
pigmentation or enamel hypoplasias In their follow up of 46
prematurely born children, abnormal teeth were found only on the
children given tetracyclines This is in spite of the large doses
of tetracycline (210 mg/kg/birthueight)s. They likewise discovered
that the dose of the drug is more important than the duration of
treatment. They split longitudinally an exbtracted pigmented tooth

and exposed one half to light and the other half in the derk. The
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half thot was exposed to light changed colour from yellow to browm
and did not fluoresce on exposure to ultraviolet light. The
"ot her half remained yellow. They concluded that’ pigmented teeth
exposed o l:‘i.gh'l: undergo brown discolouration. .
Harcourt s Johnson and Starey% reported microscopic studies
of incorporation of tetracycline in teeth when adminishered in
growing chilﬁrem. Both macroscopic and microscopic changes Iﬂel;'e
observed in dentine. Macroscopically, $the first primary molars
showed hypoplasia with mt::; st of the enamel worn down .expé sing a
considerable amount of dentine. The drouns of the feeth were bright
yell ote Fluorescent mi'crasacp;g under ultraviolet light imparis a
goldern yellow colcuf %0 areas of denbtine stained with antibiotic.
Hormal enamel and den'hin.e presents a faint overall yellow green
autefluorescence wnder uliraviolet light. Under low megnification
in visible light the most obvious feature was the presence of a number
of faint yellow lines in the ﬂeatiné towards +he occlusal of the
teeth following the incremental Iine pa:i:"e‘;em@ In the crowm, these
lines run parallel to the dentinc—enamel j‘unc‘l: ion. The enamel was
unstained. Under high megnification, the denbtine showed large
interglobular areas.. These, however, had no relation to the yellow
lines. Harcourt¥s group also observed the presence of large
numbers of bright golden yellow bands in the dentine under nlj;ravi:ole't
light. These bands followed the incremental lines and differed wide Ly

in size, distance apart and densidty. The dentino-enamel junction

area, fIuoresced golden yellow. No obvious fluorescence was demonshrable




in enamel, Microradiographic examination showed a typical pattern

of dentine with radiolucent dentinal tubules outlined by a denser
area. Large numbers of interglobular aress which varied in size
and shape were distributed more or less randomly throughout the

dentine, Their presence was associated with the areas of dentine

not coloured with tetracycline antibioties.

In the 1962 study of a group of children, Weyman and Fordzeuslg%*
found seven with grey-brown cclouration. Three of these children
had no history of fibrocystic disesse of the pancreass., As infants,
two had oestitis in 'i:he mexilla and f;'me in the mandible. They"
suggested that such grey-brown colouration was a result of
tetracycline administration rather than the illness for which the
drug was used. Coincidence of tetraecyecline therepy with
fluoresecent 1‘1,;:1&8 in the teeth, was likewise demonstrated by the
same investigators in 1963,125" in the case of a boy who died st
3 years 2 months of bronchopneumornia secondary to a thromboeytopenice
purpura of unknown etiology., The teeth and the bones were found
to be yellow, at post mortem examination. Teﬁracycline (Tetracyn),
was given in six courses as follows: (a) 9 to 23 weeks of age
= 1k weeks duration; (b) 1 year 1T weeks to 1 year 18 weeks =
O days durstion: (c) 1 year 24 weeks to 1 year 25 weeks = 1 week
duration; (d) 1 year 28 weeks to 1 year Uh weeks = 16 weeks duration:
(e) 2 years 2 weeks to 2 years 7 weeks = 5 weeks duration; and

(f) 2 years 38 weeks %o 2 years 39 weeks = 9 days duration. A vivid

yellow discolouration of the bones and parts of the teeth was




evident on usual examination., 'The bone surface was uniformly
stained except for small locslised area, but the crowns of the
deciduous incisors were piguented only at the cervieal half.

The incisal half of the same teeth were relatively normal. The
deciduous canine showed a yellow band in the middle third of the
crown.  Bright gold fluorescence of the yellow area specimen
before sectioning was obsefved under ultraviolet light. There
was clear evidence of six fluorescent bands in the dentine of 'bhé
devéﬂ.epiﬁg permenent incisor. This pattern was also true for the
priniaz:v canine, but not in permanent cenine and primary incisors,
This wndoubtedly is due to the different periods of deveilzapment
of these teeth. This histological investigation made on post-mortem
material confirmed that discolouration is due to the flatracyeline
being ine'orporé.ted in the tooth at the time of administration.

The discolouration may also be fe;und, in the cementum, but not in
the enamel.

De Veber30 reﬁorted Tthe case of a ten year old girl who
received demethylchlortetracyeline (Declomyein), for a period of
six months. The dosage was 150 mg. four times daily., She
developed teeth with bluish-grey discolouration, with a brownish
deposit abt the juncétion of the ineissl and middle third of the
gffected teeth. Beckelman and GingoldB reported the case of s

five and one half year old girl with yellowish-brown tooth staining

:}'

She received tetracycline Ttherapy at the age of two weeks in treatment

for pneumonisa. The teeth had erupted with the yellow-brown coloured
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bands present &bt the ceﬁrical third of the central and lateral
incisors, the ineisal thirds of the cuspids and most of the erowns
of the molars, In 196k Pinborggl cited a case of a seven year
old girl who had received chlortetrasycline, a total of 57 @2 from
the eighth day after birth to four years six months of age for
fibrocystic disease of the pancreas. All her teeth were stained
grey, but the colour was more prominent in the primary teeth.

A ground section of & primgry molar examined under ultraviolet light,
revealed several fluorescent bands in the dentine corregponding to
the ﬁeriods when tetradyeline was administez;ed. Bullenlg in 1962,
undertook a study of school children in British Columbis, c;f 81X
and seven years of age. Six of the 1,281 children had 'lemon’
yellow coloured teeth. Two cases occurred in primary teeth only,
and four In permanent teeth.onmly., Medieal histori;as revegled
that five of these children had received tetracycline in 11956 and
1357 for treatment of various infections. The sixth received

% etracycline for prophylactic reasons following premature birth.

Dcuglang

observed brownish yellow teeth in elght infanbs apparently
following long-term administration of tetracycline to the six
mothers invelved. Kubscher and cmrorkerséj' reported the case of a
3 year old boy with discoloured deeiduous teeth whose mother received
tetracyeline during the later month of pregnancy. A routine daily

dosé of 250 mg. every six hours, for a total of 23 days durstion

and 20.750 gm.was given. The child did not receive tetracyceline

after birth either prophylactically or therapeutically. Aside fron

7




heving the usuasl childhood diseases, the boy had been well. There
wag no evidence of systematic disorder, nor history of local factors
such as trauma to warrant the generslised discolouration observed.

This report further supports the theory that the tetracycline given

ante-partum passes the placental ba:r:"rier and may deposit znd discolour

teeth developing at the time.

Adlerl studied a 2 year old child with pronounced bright orange-

yellow pigmentation which was most severe st the gingival margin.
he mother was trested with largé doses of tetracycline throughout
pregnancy for actinomycosis of the right mandible and cervical region.

122 in 1964 reported a 61/2 yéar old boy with severe brownish

Weisman
yellow discalouratif':m of the 'i‘our secondary molars; the primsry teeth
being normal in colour and appearance. The patient zjecei-veﬂ tetracyeline
therapy from one year to six years of age for upper respiratory

disease and seve:r;e' tonsfillitis.‘ From the age of one to four years

he received a total of 35 dé.ys tetracycline treatment, and from four

to six, 88 days tregtment.. This éivés & total of 123 days of therapy.
Witkop and Wolf128 in their study of children aged two and one half

to seven years old, reported yellow brown discqlouration asgsociated

with tetracycline therapy. Doses varied from 250-500 mg. per day

or from 20 to 75 mg. per kg. of body weight per day. All seventeen
children were found to have vellow to brown steining, Bright wyellow

fluorescence was observed under ultraviolet light. When the yellow

pigmented teeth were exposed to sunlight they turned brown. The

pigment loses its ability to fluoresce. Swallowllo observed yellow
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staining on teeth of a 1 year old girl whose mother had taken
tetracycline for sub-acute myoblastic leukemia during pregnancy.

The mother was given 500 mg. daily of tetracycline in addition to
other drugs in her fourth month of pregnancy. No tetracycline was
adninistered to the affected chlld during the neonatal or subsequently.
This girl when examined, had & partly eruped upper and lower central
and upper lateral incisors., The teeth were deep yellow from the
cerﬁfcal to the incisal and exhibited the characteristic golden yellow

tTluorescence under ultraviolet light.
28

In 1965; Cuttita and associates” attempted in their studies
to determine the cause of discolouration of the teeth. On the basis
of their findings, they concluded that tetracycline administration
in therapeutic doses and for sufficiently long periods will be deposited
in those teeth forming at the time. This deposition is observed as
tooth discolouration in both primary and gecondary dentition. Of the
T0 patients with cystic fibrosis, 48 had evidence of disc@louration
ranging from light grey., brown or yellow to a dark brown or yellow.
Histological study of ground sections was made using white light and
fluorescence microscopy techniques. Under white 1ight,'the
incremental lines appear yellowish in colour and under ultraviolet
light & fluorescence characteristic of tetracycline was observed.

Macauley and.COMinvestigators6T studied 908 children in Oneida,
New York. These children had been followed from birth until b4 to

T years of age. The study population was stable and consequently

the patients were available for long term study., Accurate drug



45

histories were obtained from obsgtetric and paediatric records.

All the children involved were examined annually by dentists and
paediatricians. Telracycline was administered in the recommended
dosages based on weights of patients and for periods averaging 4 1o

10 da:;rs. From the results of this study it eppears ‘that the

staining of the dentine and enamel is caused by the deposition of
tetracycline during tooth development. They found +that
demethylchlortetiracycline was the analogue that gives the sirongest

and brightest fluorescence, and oxyleiracycline, the least. They

aléo concluded, that 'Betracyéline administered after the fifth month

of gestation, and up to 6 months of age, may be incorporated in the
deciduous teeth and result in the staining of these 3eeth. Tetracycline
administered after 6 months and until 6 years of age may be incorporated
in the developing permanent teeth. After 6 years, the secondary teeth
are Y0 per cent mineralised and there will be no tetracycline
incorporated in areas where it would be of aesthetic significance.

50

Ibsen, Urist and Sogunaes” gave comparative staining properties

of different tetracycline in nse. They used equivalent doses of
chlortetracycline, oxytetracycline and N~pyrolidinomethyl-chilorteiracycline
_f;p determine the degree of tooth discolouration caused by Ie'"a;cizeriﬁa‘h 1ves
Their observations showed that clinical doses of the tetracycline
or demethylchlortetracycline had a greater potential to discolour
developing teeth than oxytebtracycline. Both oral and intramuscular

administratbion gave analogous result even though the intensity of

stain was less. The N-pyrolidinomethylchlorteitracycline gave a fairly
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deep yellow stain, but vhen exposed to sunlight grew faint.

In 1965 HenonhBA made a survey of 1,707 school children from
five to eéleven years of asge. Sixbty or 3.5 per cent of these children
revealed tetracycline pigmentation and the prevalence decreased with

107 reported that the change takes place slowly

advancing age. Stewart
and the yellow stain may still be discernable four to five years
later. He substantiated Henon's finding that the teeth which are
pigmented yellow gradually become darker. They change to shades of brown
or grey and, as they do, lost the property of fluc;:rescence under
untraviolet light. The labial surface of the incdsors are first to
darken, while the molars rémaine& yellow for a longer periocd., They
ﬁuggeste_d that the change is due to the degradation of tetracycline
and is accelerated on exposure to light.

Macauley and Leistyh366 cited cases of tetracycline
administration during pregnancy resulting in the staining of the teeth
of the offspring. The firgt patient was that of & two and one half
year old female whose mother received 600 mg. of demethylchlor-
tetracycline daily for 5 days during her eighth month of gestation.
The teeth were yellow and fluc;resead undeyr ultraviolet light. Within
a year they had turned to yellow-brown and fluorescence was diminished.
The central and lateral incisors were the most severely affected, while
the cuspids and first molars were only moderately affected. The
secaﬁd molars appeafed normal except for the occlusgl surfaces. In

the second case the mother of 3 year old twins had received 600 mg.

of demethyechlortetracycline daily for five days during the 26th week
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of her pregnancy. In both children the incisors, cuspids and
occlusal surfaces of molars were stained yellow browm. They gave

characteristic golden yellow fluorescence when examined under
ultraviolet light, The third case studied involved a 3 year old
girl whose mother received 600 mg. of demethylchlortetracycline daily

for 4 days during her 28th week of gestation. All teeth were

- pigmented yellow-browm. No fiuorescence was observed under ultraviolet

light except on occlusal surfaces of the molars.

2

Applebaum and coworkers” studied ‘i;egth either as a result of
exfoliation, extraction or autopsy. This involved 32 children with
gystic fibrosis of the pancreas. These studies were undertaken to
determine the presence, distribut ie_n and nature of the peculiar
discolouration observed in the feeth af these patients. In _gmlmci
sections prepared from 27 teeth, yellow pigmentation was found in
all but 4 teeth. The pi:"gmen‘ha‘hion‘ was usually found in the dentine
oy occasionally in enamel, or both enamél aﬁd dentine. The zonal
pattern of discolouration usudly follotnré& the incremental lines of
growth and the inferglobular gpaces in dentine. The fluorescent

pattern appeared $0 parallel the yellowish pattern observed under

white light.

Toaff and Ravi dll 3

examined 94 children ranging from 3 to 6
years ol age whose mothers had been treated with telracycline or
oxytetracycline during pregnancy. The duration of treatment averaged

15 days with an average daily dose of 1,000 mg. Staining of the

teeth was observed in only 13 céhildren. None of the 47 children
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exposed to tetracycline in utero from the 15th to the 24th week
of gestation had discoloured teeths Of the 15 children exposed
to the drug from the 25th to the 20%th week, only one was affected.
However, almost half of the 25 children exposed from the 20th week
to term had discoloured teeth. As a result of theiy observation,

they stated that tetracycline treatment should not be withheld during

the 25%h week, bub during 29th week to term.

Kowalewska, Szotowa and I‘Iiniarskaﬁ : re-gxamined 25 children
between the ages of two to Tive years, 18 of vhom received
tetracycline and the rest oxyieitracycline on an oral dose of 50 mg/ kg
of body weight, for 3 fto 5 days during their neonatal pericd. They
obgerved that 15 given tetracycline had yellow 1o brown staining
but only one given oxybtetracycline had ‘the same pigmentation. They
concluded that newborn with low renal excretion of tetracycline and
wide distribution of thig drug in high concentration in both bones
and teeth are likely to exhibit staining of their primary teeth.

'Ku‘i; scher and cowo I-ker362 suggested that long-wave length
ulﬁravialét light (3660 Angstrom), is the most effective for the
diagnosigzof the presence of fTeiracycline in teeth. The fluorescence
is more intensc and more discernable than that procured by a
short-uwave length ultraviolet light of 2537 Angstrom. It has been
established that tetracycline fluorescence can be exgitéd_. by |
nltraviolet light of varying wave lengths., This was used by
invesbtigators 4o determine comparative efficiency through observable

fluorescence of the presumably itebtracycline~induced discolouraiion




of the teeth in patients with cystie fibrosis of the pancresas.
Weymanlg? described a girl patient aged 13 years who received freguent
courses of tetracycline for bronchiectasis. The teeth were severely
stained and very wnsightly. The ground section of the incisor was
viewed under ultraviolet light and a vivid mﬁltipla band Fluorescence
characteristic of tetracycline was observed. The enamel showed
little fluorescence, but the ineremental lines fluoresced strongly:;

It was found that the stain was in the enamel and d4id not show
through the dentine. She suggested the probability of a higher
concentration of tetracycline in the ensmel than is indicated by

the amount of induced fluorescence. Stewart‘mg referred to lunin's
Pindings that 80 per cent of the 300 teeth randomly choseén from

teeth extracted in two university clinies from Marylsnd, U.S.A.,
contaeined tetracycline deposits, Stewart also undertook a survey

of teeth extracted from patients agged T to 15 years and from 3 to

5 years old from schools and dental hospital elinies, respectively.
This was from May 1966 to May 1967, He observed thet the deposits
vere visible as yellow fluorescent bands in the dentine when the
teeth were sectioned and viewed under ulbraviolet light. He conecluded
that the number of tetracycline positive teeth decreased as the
patient's sge increased. He also observed that the highest prevalence
was among the teeth of the younger children (i.e. those born during
and since 1962), This was the year in which the capacity of
tetraeyeline antibiotics to discolour the dentition was first

recognised. He found more disecolouration in the crown of primery
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teeth then secondary teeth.

Brearley and associates (1968)16 studied 1,168 children of
pre-school and young school age. This was made for the purpose of
determining the prevalence of discolourabion and/or hypoplasia
on children who were given tetracyeline during the period of tooth
formation., Three groups of children residing in the suburban areas
of Melbourne, Victoria, were the subjects of this study. CGroup I
consisted of T9T7 children of 2 to T years o age. These children
attended the pre-school clinic of the Melbourne Dental Hoépital.,

The Group II children numbering 261 with ages ranging from 2 %0 5
years, attended the extramural clinic of the same hospital. Group
ITT composed of 200 children sged 18 months to 6 years, atbtended the
clinics of the Melbourne City Council infant welfare centres.

The teeth of 2ll the children were examined under daylight
supplemented by artifiecial light, when necessary. The teeth were
classified as light yellow-grey, (including grey), bright yellow or
grey-brown or darker. Examination of the teeth for tetraseycline-~
induced fluorescence was carried out with a 3,400-3,700 Angstrom
unit ultraviolet lamp. Medical histories were obitained by interrogating
the parents vho accompanied the children. The examiners took
varticular agttention of illness and drug administration, both prenatally
and postnatally. The medical histories, however, of the Group II

children were not available. The severity of discolouration was

scored by a "Tetrseycline Severity Index" (the value of the total
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score divided by the total number of patients examined)., as shown
in Table VII, The condition of the two most severely affected teeth
was used as the basis Por the agsessment of clinieal discolouration.

Thé result of this study revealed that 20.1 per eent of the
total number of children exsamined exhribited discolouration. Both
discolouration and hypoplasis accounted for 4.02 per cent. The
characteristic tetracyeline fluoreseence was found in 84.8 per-cent.
The investigators weret of the opinlion that the current theory of
colour alteration of tetraéyc‘line' dis cc;loured teeth upon expc;sure to
sﬁnlight » Was not supported by their study, The "Tebtracyeline
Severity Indéx" demonstrated thet in relatively small groups of
‘children with high proportion of tetraéygcline-affe'cted dentitions;
the severity of staining and hypoplasia also inereased.

The value of ultraviolet flﬁorescence in the disgnosis of
teeth s’;;ained with tetpracycline wa:s questioned by Brearley's group.
'fhey cbserved that not all teeth which fluoresced were discoloured,
but believed that not all tetraeyeline-~discoloured teeth fluoresced,
This condition was also observed in the Tamworth, New South Wales
survey of 1967 {Martin and Ba.rnard)jl In the study af Brearley,
the degree and shade of discolouration has not been established
definitely due to the sgbsence of information conecerning the particular
*ii:etra.cycliné administered and the dosage used.

Brearley and Storey (1968)17 made a study of 1,000 extracted
deciduous molar teeth ﬁhich they examined under visible light and

ultraviolet light, Of these, 82 per cent showed yellow fluorescent



Table VII. TWetracycline Severity Index. (Brearley, Stragis

and St ore;y')16

UNIVERSITY
OF SYDMEY

| Degree of Classification " Score Commént
Discoloration _________of Effect _ _______
No discoloration Normal range of color 0 Aesthetical-
ly accepta-
Questionable ‘ Light cream,no darker ble
| dhan the permanent
l tooth 0 .
| Mild Light yelow- grey 1 Aesthetical-
| } ly objec-
‘ Moderate Yellow to bright yellow 2 tionable
f Severe Grey-brown or darker 7
| may involve two-thirds
| or more of the tooth | Aesthetically
| crown usuvally darkest | and struc-
to the gingival 3drd 3 turally ob-
Hynoplasia mnlus Tooth morphology 1is
discoloration abnormal; the enamel

and/or dentition may

be pitted. TH¥ansverse
striations prominent
across anterior teeth;
there may he commlete
absence of cusmal ena-
mel, and the cusvps con-
sist of spikes of den-
tin. Tooth discolora-
tion from yellow to
brown or darker 4
Value of total score

* Tetracycline severity index =

| Total examined

ot
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bands in dentine, characteristic of tetracycline, While 30 per
cent of the tooth crowns were found to be moderately or severely
stained, not all fluoresced under ultraviolet light. TWhen

severely pigmented teeth were examined microscopically, tetracycline
was located in the form of dark brown, weakl{ fluorescent bands |
at or nesr the dentino-enamel junetion,' These bands were partly
responsible for the macroscoplc discolouration of enamel, but on
removal of stained dentine, scme discolouration remalned, particularly
in the cervical enamel, |

B. Hypoplasia:~ The possibility of the disturbance of matrix
formation has not yet been resolved and the rc;lel of tebtracyeline

1S s8till the subject of much controversy., It his hoped this
discussion will assist in the correlation of tetracyecline therspy and
the occurrence of developmental anomalies.

Bevelander g.nd co;mrlﬁersll showed experimentsal evidence that
tetracycline inhihits skeletal Tormation in Larval Sand Dollar.s
kvidence also showed that ‘the drug affected growth of both teeth.
and bones. It may also produce deformity and shortening of the
bones when injected into the embryo of developing chick. Later,
in 1961, Bevelander and associa’ceslz administered high levels of
tetracyeline (5 mg., daily) during tooth development in rats for
five successive da:}s. Besides demonstrabing incorporation and
retention of fluorophore, they found partial inhibition in the
incerements of enamel and dentine. I-Iallmanll6 called attention to

the fact that second primary molars were deformed and had exbremely

sharp cusps as well as yellow staining, as a result of tetracycline



5

administration., He had observed this phenomenon in other babies
whio had recelved téetracyeline for as little ag one week immedisbely
after birth.

In 1962, Wellman and Hiltonll? suggested that tetracycline
‘rather than tﬁe iliness for which the drug was glven was directly
responsible for enamel hypoplesia. M611073 in 1961 cited Brottman
and Kitscher as having confirined Bevelander's findings in eonnection
with mild hypoplasia in primary teeth relative to tetracycline
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treatment, Miller and Forrester, however, disputed this claim,
VWhile they believed 'l;ha».t there is evidence to support tetracycline
diffusion into the forming tooth, this does not justify the deduetion
that the drug produces hypoplesia. Premabturity » he reasoned, i
more likely to be responsible both for the enamel hypoplagia and for
the need for tetracycline therapy« This eontenti on was lauypﬁrﬁ&d by
Weyman asnd Porteusm5 in their study of 3T children. They found
disturbances in development, but they felt that though hypeoplasis
occurred, this could not be related to tetragyecline administration. |
Corroborating the previous suggestion, Harcourt and a.-s:s:c:auc::‘is:ir,ef.—';'1'”5
found that tetracycline administered to growing children, besides
glving bright yellow fluorescence was associated with a typical
globulay pabttern of calcification in the dentine and the déementum,
Although disturbancé of dentine minersalisation was demonstrated in
the form of interglobular areas, this did not mean that they were
produced by the tetracycline., They suggested thalt probably, these

were localised manifestations of chronic systematie illness.
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Harcourt (1963)46 examined teeth either extracted or exfoliated
because of dental caries frqm patients who had suffered from neonatal
Jaundice. He reported on the incovporation of tetracycline in human
enamel of patients who were given large doses of tetracycline for
a period of two weeks after birth., The teeth were found to be very
hypoplastic and wa%e yellow brown in colour. Har«::cm.z-t‘q'7 ‘the same
year reported that administration of the tetracycliné during ‘the
first few weeks or months of life produced a yellow staining often
asseciated with hypoplastic enamel. The tetracycline became
incorporated in the dentine and cementum calcifying at the time of
therapy. This could sometimes be detected in areas of hypoplasia
within the enamel, but not in the fully calcified matrix. Storey
(1963)109 found in his experiments with rats ‘that higher doses of
tetracyeline (200~250), me/ke/day, resulted in some rats having
hypoplastic areas in énamel of the incisor teeth. He Olaill;l;é. that
in man, i’t; had been observed that enamel hypoplasia may be induced
by high dosage levels of tetracsrcLine given before the completion of
amelogenesis. . | | -

In 1964, Nylewn and cowerkers% implicated tetracyclines as
agents capable of produqing. a high incidence of hypoplasgia in
teeth of children, They suggested that in addition; partial
inhibition of mineralisation had been demonstrated in the incisor
of enamel of rats injected experimentally with the drug, They stated
that the primary effect of tetracycline seems to be one of ameloblastic

impairment leading to the formation of hypoplasti¢ enamel.s In addition




the impaired cells probably allowed passage of the tetracycline

since only the affectced enamel showed deposition of tetracycline.

They considered the mineralisation disturbance as a secondary effect
as a result of the antibiotic in the matrix or a change in matrix
itself, resulting from cellular disfunction. Their observations

vere made on patients who received tetracyciine during tooth formation.
I‘ii‘tkgp and I*Iclflzg als0 assocliated localised enémel hypoplagia with

,d tetracycline therapy. In their studi®ss covering the six month period
of 17 children aged 25 o T years oid, 15 had hypoplasia 'c{i: enamel of
primary teeth and 2; of $he secondary teeth (given at 9 and 11 months,
re.spec'hively) « The affected parts were the incisal edges and occlusal

surfaces of the first molarss This observed hypoplasia was localiged

- 50 those teeth undergoing calcification coincident with tetracycline

administration.
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Johngon” conducted & series of four experiments designed to

study the gross histologic effect of the four homologues of
tetracycline on tee%h and bones. Thesc are the tetracycline {TC),
chlortetracycline {G‘I’C’) , demethychlortetracycline (DIPC), and
oxytetracycline (0TC). TFour groups of adult male Wistar rats were
given each a different tetracycline for 21 days at recommended oral
therapeutic dosages by weight. Bxaminaition of the continuously
erupting inpisor in visible light did not show any hypoplasia or
change in pi gmentaﬁonﬂ Under ult rajviole;l; light, i,'luaresc ence wvas
seen earlier and %o a greater degree in DITC, and CTC compared to

TC and OTC. In the second experiment, adulit female rats were fed
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different homologues of teiracycline in therapeutic doses throughout
the 21 days of pregnancye. The drugs had no effect on litter size,
and fluorescence was detected on the pups' teeth and bones. The
third ﬂstudy made use of lactating female rats, fed therapeuﬁc levels
of various tetracyclines for 21 days after birth. Sucklings were
noted to exhibit fluorescence of ‘teeth and bones. 1In the fourth
experiment, 74 weanling rats from 7 litters were divided into two
equal groups. The experimental group received 39 daily therapeutic
doses of the tetracycline comgxencing at the age of 21 days. No
significant difference in weight gain or femur growth at the end of
the 39 days was observed in the two éroups, An apparent topical as

well as sjatemi ¢ - deposition of the {luorophore was discovered in

fluorescent microgcopic examination.
'Ha.i:’cc}urt46
of tetracycline drug during the first week or mounths of life produced
yellow staining often agsocialted with hypoplasia of the enamel.
Beckelman and Giﬁgaldg found hypoplasia in their studies. They
stated that this condition, due to tetracycline, does not occur if
given the drug after the teeth are fully formed. chnna,eé and
asscsiafbeélo5 using monkeys and rats found that: (a) in ‘the absence
of disease, therapeutié doses of tétraaycline do not necessarily
interfere with the calcification process; | (b) there is diffuse uptake
of tetracycline in enamel; and (c) that tetracycline is not necessarily

a "fellow traveller'" of calcium per se, but rather,may be related to

crystal surface position of calcium or some vnidentified organic

disagreed with Johnson and claimed that administration
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compounds of calcium. Ha,llM in 1964 siated that it was considered
that hyploplasia was most likely produced by metabolic changes as
a result of the disease Ior which the tetracycline was administered.
Large doses, however, cannot be discounted as a possible cause of
hypoplasia. In the s.ame year, Kline and associates ,!57 studying
children whose mothers were given tebtrasycline as antiluetic treatment
during pregnancy, showed transplacental effect of tetracycline in
the teéth of the offspring: and that six showed varying degrees of
hypopla.etic.: enamel.

Bemnet and La,w9 confirmed the pres.ence of tetracycline in enamel

of dogst teeth when tetracycline was given during the period of

amelogenesig, They also confirmed the presence of tetracycline in
dentine, and enamel hypoplasia was observed. Eger and associates

13

were referred to by Mello'™ as having éhmm. that tetracycline causes
a. ﬂisturbance in the mineralisation of the dentine of rats. IHello
also referred 1o Soen*bgeni‘s“ works as having proven that tetracyclines
in therapeutic doses prodiced significant hypoplasia:  These same
investigators claimed that int erference with normal calcification of
dentine and enamel dev;elaping at the time of tetracycline therapy was
evident:

In 1966 Antalowska and Kralov,es demonstrated through histologic
examination that therapentic doses of tebtracycline per os provoked
disturbance in the calcification of the dentine in rat incisors.

The appearance and localisation is similar to those seen following the
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administration of fluori_de; Kowalewska and assgociates also

reported in their studies of two to five years old children that some

of them showed hypoplasia of the tooth enamel.
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¥, THE EFFECT OF TETRACYCLINE ON OTHER TISSUES

3

Two early reviews, Dowling in 195 51 and IMusselman in 195 628

concluded that tetracycline was widely distribubted in the body and had
no affinity for any special tissue other than a tendency to accumulate
in the organs through which tetracycline was excreted. These two
investigators mentioned the liver, the kidney and the intestine

I -
as ‘the places where tetracycline will be likely to accumulate. In

H“‘F

i

1957, Rall and cmﬁrorkers,%’ in studies on tumors in mice and humans,
noted a bright yellow fluorescence persisting in most fypes of tumor
tissues where tetracycline had been taken previously. This finding
suggested that such drugs, due to their selective uptake, could have
an important use in histological investigations and the diagnosis of
1154 in 1957, found that tetracycline, when
added in small amounts 4o & 'imptaphane-dafici ent diet stimulates growbth
especially in males. This improved growth effect of the tetracycline~
treated diet was up. to the level, bubt not exceeding that achieved when

tryptophane was present in the diet. They regarded this stimulating

effect as probably due to alteration in normal gut {lora favoring

amino acid metabolism. As mentioned earlier, tetracycline was also

found to inhibit growih.
I"-Ialek,ég was also of the dpinion that tebtracycline is
ancorporaied into some tissues undergoing regeneration, necrosis and

inflammation. His conclusion was based on the result of artificially-
30

induced tissue damage in animals. De Veber™ reported the case of a

10 yeax old girl given demethychlortetracycline therapy. He observed
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an unusual combination of photosensitivity, loosening of the
fingernails and discolouration of the nails and teeth. This
reaction was considered to be a toxic reaction to long~term

administration of this tetracycline derivative which was used to

combat recurrent ogteomyelitis of the left fibula. Sandlow, Allen

and. Necheles, o1 using gastric washings and taking advantage of the

i

fluorescent property of tetracyclines, were able to detect gasiric
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maligné.:aeya Malek and Xeole,  studied penetration of various

tetracyclines in experiment ally produced myocardial infection. They

found accumulation and prolonged fixation of tetracycline in muscle

fibre of the heart. 1_
Hyers and J a{ffe;BD in their investigation '&o-. determine how much
tetracycline is bound by the skeleton and the possible effect of
skel*étal maturation on the amount of tetracycline binding in Zrowing
teeth, observed that a two-fold increase in dosage of the drug in
young animalg is éccﬂmpa,nieci by a threefold increage in bone content
of ‘the antibiotics He further stated that in older rats, no increase
was discernible. Ha:rrisﬁ'g in 1*955 reviewed some ¢f the recent research
on te'traegcline and he emphasised the toxicity and the c¢linical
application and ma&é reference Lo the different organs affected:

A. Eye:w~ HNyopia during exposure which may be dug t0o
(a) accommodative spasm; (b) stfetching of sclera; (c¢) changing of
refractive power of aqueous and vitreous humors; and (d) changes in

~ 2 Aoy
refractive power of the lens caused by edemd of ciliary body, changes

L T L]

in gtructure of lens, fluid inbibition of lens, salt retention and
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anterior displacement of the lens.

B. Kidneys:-~ The anti-anobolic effect of tetracycline on
kidneys could be the result of inhibition of riboflavin enzyme
system necessary for the maintenance of, or gynthesig of tissue protein.
It is inferred that the proximal tubule could be the site gf’ this
action and it is thought that one or more degradation products of
tetracycline, anhydrotetracycline aﬁ& epianhydrotetracycline, is
regponsible for nephrotoxicity and metabolic side effeé'tm

Cs Liveri- fﬁetracycline administered 4o pregnant women
1n'bra.vencmsly for nr:.naxy infection, and with doses ranging from 1.0
to 6.0 (\?9, and with an average of 254 t0o 4. 4 gg \per day, were associatbed
with the production of jaundice. On the third day, ‘pza;blents died of
hepatic insufficiency with the cause of death ﬁaguasé& ag-acute Iiver
disease. | |

D. Fingernails and Skint-— i’hotasensi'i:ivityi nail discolouration,
onycholysiss..a symptomatic triad produced in this order ob served among
patients using %eﬁ’:facycline or oxytetracycline.

zm38

wrote that tetracyclines are readily absorbed from the
gastrointestinal tract, and therefore, are effective orally. IUhile
$etracycline could be administered intravenously or intramuscularly
this route i often avoided because of severe Local irritation and
pain. Regardless of the route of administration, the tetracyclines
are removed from the plasma by the liver and the kidneys. Care

therefore should be taken, if used at all, in patients with advanced

hepatic or renal insufficienty. Such precauvtionary measgures, if not
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observed, may lepd to rapid plasma accumulation of tetracyclines,
thereby éenhancing toxic effects. Finn also mentioned that allergie
and hypgrsensitivity reactions including *skin rashes and drug
fever have heen reported with tetra;:ycline therspy. A reaction of
the skin in individuals treated with Demethychlortetracycline
(Declomycin) known as a phototoxic reaction, when exposéd to sunlight
has been reported. Long term therapy with this aﬁtibiotic is known
to produce certain changes in the ﬁeripheral blood vascular supply
ineluding prolonged coagulation time and thrombocytopeniec ﬁurpura.
Because of its wide bacterial spectrum, tetracycline affects
the gastrointestinal flora, and gastrointestinal irritation may
ensue. This is commonly due to an overgrowth of certain orgsnisms,
e.g. Candide glbicans, and resistant coliform bacteria. Oceasionally,
suppression of the gastrointestinal flora may permit superinfection
by resistant strains of Staphylococcus aureus, These drugs may
also produce a brown or black coating of the tongue, a hypertrophic

glossitis, or moniliasis of the oral cavity.






